Abstract. Mastali H, Zare-Mehrjerdi M, Norouzi M, Rezaei J. 2018. Karyomorphological variations in some populations of Allium subgenus Melanocrommyum section Acanthoprason in Iran. Biodiversitas 19: 720-725. Allium is the largest genus of Amaryllidaceae comprising more than 900 species belonging to 15 subgenera. Iran is reported to be a center of diversity for subgenus Melanocrommyum. Acanthoprason is a section in this subgenus. In this paper, karyomorphological variations of nine populations of four species including Allium derderianum, A. kurdistanicum, A. minutiflorum and A. subakaka of the section Acanthoprason growing in Iran were undertaken using squash technique and 2% (w/v) aceto-orcein stain. All of the populations have the same chromosome numbers 2n = 2x = 16 with the exception in Kochka population of A. derderianum 2n = 18. In the present study, the chromosome number of A. minutiflorum and new chromosome number of A. derderianum were revealed for the first time. Chromosomal characteristics were determined using photographs complemented by cluster analysis. According to dendrogram generated by the unweighted pair-group method with arithmetic average (UPGMA) cluster analysis, nine populations studied were separated into five groups at a cut off value of 5. Karyotype analysis indicated that Allium species studied here generally have metacentric and submetacentric chromosomes and symmetric karyotypes. Results of the present study revealed the natural variation in nine populations of four species of Acantoprason section which can further serve conservation and breeding planning.
INTRODUCTION
Allium is the largest genus of Amaryllidaceae comprising more than 900 species belonging to 15 subgenera. There is a main center of diversity in the eastern Mediterranean area, Southwest and Central Asia (Fritsch and Abbasi 2013) . The chromosome numbers of more than 600 Allium species are known according to the Index to Plant Chromosome Numbers (http://www.tropicos.org/Project/IPCN). The most common basic chromosome number in Allium is x = 8, but other numbers (x = 7, 9, 10, 11) and various ploidy levels from diploid to hexaploid (2n = 14-68) have also been reported (Li et al. 2010) .
Melanocrommyum is the second largest subgenus, comprising about 169 accepted species and subspecies grouped into 20 sections and 22 subsections (Fritsch et al. 2010; Fritsch 2012) . Species of subgenus Melanocrommyum are naturally found in Middle East, especially in Iran and Turkey (Behcet and Rustemoglu 2012; Fritsch and Abbasi 2013; Ozhatay and Genc 2013) . There are 10 sections and 82 species belonging to the subgenus Melanocrommyum in Iran. The sections of the subgenus in Iran are as follows: sect. Melanocrommyum, sect.
Acanthoprason, sect.
Asteroprason, sect. Compactoprason, sect. Decipientia, sect. Kaloprason, sect. Megaloprason, sect. Procerallium, sect. Pseudoprason and sect. Regeloprason (Fritsch and Abbasi 2013) .
In this research, the ploidy levels, morphology of chromosomes, karyotype formula and symmetry indexes of nine populations related to four species including A. derderianum, A. kurdistanicum, A. minutiflorum and A. subakaka of the section Acanthoprason have been studied.
MATERIALS AND METHODS
The examined plant materials are presented in Table 1 . Plant materials were collected from different regions of Iran (Figure 1 ). Ten randomly selected individuals per population were used for karyological studies.
Karyological observation was made on mitotic metaphase cells of root tips obtained from planted bulbs which were collected in natural habitats from Iran according to Ao (2008) with some modifications. Briefly, root tips were pretreated in 8-hydroxyquinoline 0.002 M for 3-5 hours in room temperature, washed with distilled water and fixed in Carnoy's solution (3:1, absolute ethanol: glacial acetic acid) for 24 hours and finally kept in 70% ethanol at 4°C. The root tips were rinsed with distilled water for 15 min before being hydrolyzed for 6 minutes in 1 N HCl at 60°C and stained with acetic-orcein 2% and squashed. A minimum of 10 slides possessing well-spread chromosomes was used for each population. The observations of the best metaphase plates were made using an Olympus BX-40 (light microscope Olympus, Tokyo, Japan) equipped with a 100×/1.3 NA oil objective and amounted DP12 digital camera (Olympus). Chromosome characteristics were measured from 10 enlarged wellspread metaphase cells of each population, using Ideokar ver.1.2 software. Table 1 ).
The measured variables were chromosome number, long arm length (L), short arm length (S), chromosome length (CL), arm ratio (AR), r-value, relative length of chromosome (RL%), form percentage of chromosome (F%), centromeric index (CI), total chromosome length of the haploid complement (HCL), total form percentage (TF%), Arano index of karyotype asymmetry (AsK%), symmetry index (S%), mean centromeric index (X CI ), degree of karyotype asymmetry (A), mean centromeric asymmetry (X CA ), coefficient of variation of chromosome length (CV CL ), coefficient of variation of centromeric Index (CV CI ), asymmetry index (AI), intrachromosomal asymmetry index (A 1 ) and interchromosomal asymmetry index (A 2 ) according to Mirzaghaderi and Marzangi (2015) . The designation of the centromeric position as median (m) or submedian (sm) followed Levan et al. (1964) . The karyotype asymmetry was classified according to Stebbins (1971) . For grouping, the populations, unweighted pair-group method with arithmetic averaging (UPGMA) based cluster analysis was performed using SPSS (version 16; SPSS Inc Chicago, IL, USA) software.
RESULTS AND DISCUSSION
The chromosome numbers of nine populations belonging to four species of Allium subg. Melanocrommyum sec. Acanthoprason were determined in this study. All the populations collected from different locations of Iran were diploid and possessed the same somatic chromosome number (2n = 16) with the exception in Kochka population of A. derderianum (2n=18) (Figure 2 and 3). In the present study, the chromosome number of A. minutiflorum and new chromosome number of A. derderianum were revealed for the first time. The chromosome numbers of A. kurdistanicum, A. subakaka and three populations of A. derderianum were in agreement with the previous study (Pedersen and Wendelbo 1966; Akhavan et al. 2015) . The intraspecies variation in chromosome number which was seen in A. derderianum populations was reported in other Alliums such as A. sativum (Sharma and Bal 1959; Yaghoobi and Malekzadeh Shafaroudi 2013) .
The karyomorphological parameters and karyotype characteristics of each investigated population are shown in Table S1 and Table 2 , respectively. The average length of chromosomes varied from 23.26 μm in A. kurdistanicum (Taze Abad Oryeh population) to 11.36 μm in one population of A. derderianum (Vandarin). In A. derderianum populations, the longest length of chromosomes belonged to Vali Abad (17.44 μm). The greatest and the shortest average length of chromosomes in A. subakaka populations were related to Ghalelan (16 μm) and Jame Shoran (12.14 μm), respectively. A. kurdistanicum and Vandarin population of A. derderianum had the longest and smallest average of long and short arms, respectively. In A. derderianum populations, the highest long and short arms were 9.87 μm (in Kochka population) and 7.58 μm (in Vali Abad population). Ghalelan and Jame Shoran populations of A. subakak had the greatest and the shortest long and short arms, respectively. Inter and intra specific variation in chromosome length may be because of developmental process which affected the chromosomes size. The highest values of r-value and CI averages and the lowest of AR among all populations belonged to Vali Abad population (A. derderianum) and Kochka was in the opposite. In A. subakak, Ghalelan had the highest values of r-value and CI averages and the lowest of AR and Jame Shoran was in contrast. All chromosomes of three populations of A. derderianum and A. kurdistanicum were metacentric (2n = 2x = 8m). Kochka population of A. derderianum was 2n = 2x = 7m + 2sm (chromosome pairs 6 and 8 had centromeres in the submedian position). In first report of A. kurdistanicum chromosome number for a population of Saghez (Kurdistan Province of Iran), six metacentric and two submetacentric chromosome pairs was observed and the largest chromosome of karyotype had one pair satellites (Akhavan et al. 2015) .
The karyotypic formula of A. minutiflorum and two populations of A. subakaka were 2n = 2x = 7m + 1sm (chromosome pair 8 was submetacentric). Pir Baba Ali, another population of A. subakaka had 2n = 2x = 6m + 2sm (chromosome pairs 1 and 6 had centromeres in the sub median position). In Akhavan et al. (2015) work, where recorded the A. subakaka karyological features for the first time, a population from Sulak (Urumieh) had 6 metacentric and 2 submetacentric (chromosome pairs 6 and 8) chromosome pairs with one pair satellites on the largest chromosome. In all of studied populations in this work, no satellite was observed.
Total chromosome length of the haploid complement varied from 90.86 to 148.47 μm in A. derderianum populations and 97.16 to 122.23 μm in A. subakaka (Table  3) . One studied population of A. kurdistanicum and A. minutiflorum has total chromosome length of the haploid complement with 186.08 and 180.85 μm, respectively. Asymmetry indices of populations were shown in Table 3 . In A. derderianum populations, the highest values of AsK%, A, X CA , CV CL , CV CI , A 1 and A 2 and the lowest of TF, S%, and X CI were found in Kochka population and the smallest values of AI and A 2 were found in DarehOson. Vali Abad population has the greatest TF, X CI , and AI and lowest AsK%, A, X CA , CV CI and A 1 and Vandarin was highest in S% and smallest in CV CL and A 2 among A. derderianum populations. In A. subakaka populations, the greatest values of TF, X CI , CV CL , AI and A 2 and the lowest of AsK%, S%, A, X CA , and A 1 belonged to Ghalelan population and Jame Shoran has the highest AsK%, A, X CA , CV CI and A 1 and smallest TF and X CI values. The greatest value of S% and lowest of X CI , CV CL , AI and A 2 among A. subakaka populations were found in Pir Baba Ali population. Karyotypic asymmetry of three populations of A. derderianum (DarehOson, Vali Abad, and Vandarin) and only one population of A. kurdistanicum (Taze Abad Oryeh) and two populations of A. subakaka (Ghalelan and Pir Baba Ali) were 1A while Jame Shoran population of A. subakaka was 2A. Dehdasht population of A. minutiflorum and one population of A. derderianum (Kochka) were 1B and 2B, respectively. Symmetric karyotype is relevant in Allium genus as reported by previous studied Akhavan et al. 2015) . The most asymmetric karyotype belonged to Kochka population of A. derderianum, which had the highest basic chromosome numbers (x = 9). Inter population variation in species level can be attributed to the chromosome evolution, possibly as a prelude to speciation. It was suggested that most speciation events appear to involve dysploidy (De Storme and Mason 2014) .
UPGMA cluster analysis based on cytogenetic data classified nine studied populations into five groups at a cut off value of 5 (Figure 4) . Cluster I included two populations of A. derderianum and one population of A. subakaka. Other populations of A. subakaka were located in Cluster II. Cluster III was composed of A. kurdistanicum and A. minutiflorom populations. Vali Abad and Vandarin populations of A. derderianum formed the cluster IV and V, respectively. Vandarin, the only population with the basic chromosome numbers of x = 9, had the highest distance with others. Grouping of the populations was not related to species and geographical distances.
Cluster analysis separated populations based on their difference in cytogenetic characters. Population 1 and 4 of A. derderianum possessed the highest similarity, while population 2 of the same species had the highest distance from other populations. This may be due to different evolutionary history of cytological and morphological characters in this species. A. kurdistanicum and A. minutiflorom were placed in the same group, indicating that they are more closely related species. In conclusions, results of the present study revealed the natural variation in nine populations of four species of Acantoprason section from Melanocrommyum which can further serve conservation and breeding planning. All of the populations have the same chromosome numbers with the exception in Kochka population of A. derderianum. The chromosome number of A. minutiflorum and new chromosome number of A. derderianum were revealed for the first time. Karyotype analysis indicated that Allium species studied here generally have metacentric and submetacentric chromosomes and symmetric karyotypes. It seems that accurate taxonomic relationships and speciation in this section can be addressed by using molecular markers that can be the issue for the future studies. 
